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A pparatus and method for checking documents of value 

[0001] The invention relates to an apparatus and a method for checking in particular 
the authenticity and/ or the nominal value of documents of value with luminescent 
feature substances, wherein the document of value is irradiated with light and the 
luminescence radiation emitted by the document of value is captured, in order to 
determine, whether the expected luminescent feature substance is actually present in 
the checked document of value. 

[0002] Within the terms of the present invention, a luminescent feature substance is 
a substance consisting of one single component or of a mixture of a plurality of 
components, which show a luminescence behavior. These feature substances, which 
e.g. can be present in the form of pigments, are contained in the document of value 
itself and/or are applied thereon. Such documents of value can be e.g. bank notes, 
checks, chip cards, ID documents, passports or the like. 

[0003] There exists a number of known systems for checking such documents of 
value. One system is described in the DE 23 66 274 C 2 of the applicant. In this 
system a bank note is inserted in a checking device, is irradiated at certain points and 
the remitted fluorescence radiation is captured in a spectrally resolved manner, in 
order to determine, whether a fluorescent authenticity feature is actually present in the 
bank note to be checked. The feature substances detected with such an apparatus 
usually are located in a defined spatially limited area of the bank note. 

[0004] From the WO 01/483 1 1 A2 of the applicant is further known, that for 
differentiating different nominal values of a currency system the bank notes have a 
coding, in which as luminescent feature substances mottled fibers are incorporated in 
areas of the bank note surface separated fi"om each other. In this case the coding is 
represented by a defined different geometric arrangement of these partial areas or by 
the type or presence or absence of the mottled fibers in these partial areas. 

[0005] For measuring the mottled fibers incorporated in the known discrete areas of 
the bank note surface, the bank notes are separately scanned along a measuring track 
extending in transport direction, in order to determine the type or presence or absence 
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of mottled fibers in the individual areas of the measuring track and their distance to 
each other. With that the coding of the checked bank note can be determined. 

[0006] But it has turned out, that these known systems have a low measuring 
sensitivity, in particular with feature substances having a low luminescence intensity 
that are incorporated in the document of value in a not locally concentrated fashion, 
but distributed over a large surface. 

[0007] On these premises it is the problem of the present invention to provide an 
apparatus and a method for checking documents of value with luminescent feature 
substances, which permit a high measuring accuracy even with feature substances 
having a low luminescence intensity distributed over a large surface or low 
concentrations of feature substances. 

[0008] This problem is solved by the apparatus according to claim 1 and the method 
according to claim 19. Preferred embodiments are described in the further claims. 

[0009] The present invention thus is based on the principle to add up the 
luminescence radiation that is emitted by an illuminated track of the document of 
value extending transversely across the document of value. This integration of the 
measured values of the luminescence radiation over an area, that extends transversely 
across the bank note firom one edge to an edge located opposite thereto, permits an 
especially secure recognition even of luminescent feature substances with low 
luminous intensity. When the feature substances to be checked are present randomly 
distributed in the document of value, even fluctuations can be compensated, which my 
arise during a local measuring due to fluctuations in quantities of the feature 
substances in different areas of the document of value. A further advantage of the 
integration is the reduced evaluation time connected therewith. 

[0010] The checking according to the invention can be carried out, for example, by a 
bank note being transported past a light source with pertinent sensor sensing 
luminescence radiation, which illuminates the bank note when it is transported past 
along a track, that extends from an edge located on the front when viewed in transport 
direction to a trailing edge of the bank note located opposite thereto. The luminescence 
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radiation emitted by this measuring track is then time-integrated, e.g. with the help of a 
spectrometer, and captured preferably in a spectrally resolved manner. The integrated 
luminescence radiation, i.e. the luminescence measuring preferably integrated with 
respect to both intensity and spectral distribution, then can be compared to 
predetermined reference values or reference areas, in order to check the presence or 
absence of the expected luminescent feature substances, such as e.g. luminescent 
pigments in the document of value. When comparing, for example, a determination of 
the spectral distance can be carried out, as described in DE 102 56 1 14 Al of the 
applicant. 

[0011] In the following the invention is explained in more detail and described with 
reference to the accompanying figures. 

[0012] Figure 1 in a schematic side view shows the structure of a bank note 

sorting machine with a checking apparatus according to the 
invention according to a first embodiment; 

[0013] Figure 2 shows a schematic view from above onto a part of the checking 

apparatus according to Figure 1; 

[0014] Figure 3 shows a second embodiment of a checking apparatus according to 

the invention in a view corresponding to that of Figure 2; 

[0015] Figure 4 shows a further embodiment of a checking apparatus according to 

the invention in a view corresponding to that of Figure 2; and 

[0016] Figure 5 shows a still further embodiment of a checking apparatus 

according to the invention in a view corresponding to that of 
Figure 4. 

[0017] Although the checking apparatus according to the invention can be used in 
all bank note processing machines, such as e.g. in money depositing machines, 
vending machines or handheld checking devices, in the following by way of example 
and with reference to the Figure 1 the use in a bank note sorting machine 1 is 
described, which is shown in a schematic side view. 
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[0018] The bank note sorting machine 1 in the way known in the art comprises an 
input pocket 3, in which the bank notes BN to be checked are inserted in a stacked 
fashion. These bank notes then are separately removed from the stack with the help of 
a singler 4 and are transported along a transport path 5 past a checking apparatus 2. 
The checking device 2 has an EDP-aided evaluation unit 6, which is connected with an 
illuminating apparatus 7 for exciting the luminescent feature substances 15 in the bank 
note paper and a sensor device 8 for detecting luminescence radiation and a light 
barrier 10, which is located immediately upstream of the illuminating apparatus 7 and 
the sensor device 8. Beside the light barrier 10 the transport path 5 can contain further 
not shown light barriers, as to be able to clearly determine the position of the 
individual bank notes BN in the transport path 5. Furthermore, the sensor device 2 can 
have a state sensor 9, which in particular serves for determining the degree of soiling of 
the bank notes BN. A plurality of diverters 1 1 are located downstream of the checking 
device 2, so as to give out the bank notes into one of a plurality of pockets 12 dependent 
on the checking result obtained in the evaluation unit 6. 

[0019] The bank note sorting machine 1 in particular is characterized by the structure 
and the mode of functioning of the checking apparatus 2, which serves for detecting 
luminescent feature substances in the bank notes BN. 

[0020] As it can be recognized in the representation of Figure 2, the bank notes BN 
to be checked in particular have circularly drawn pigments 15, which are incorporated 
both in the printed image schematically marked by the line 16 and outside thereof over 
a large surface in the paper. The luminescent feature substances, i.e. in this case the 
pigments 15, can be both incorporated in the paper of the bank notes BN and applied onto 
it e.g. by printing. 

[0021] As shown in the Figure 2, the illuminating apparatus 7 has two light sources 7a 
and 7b, which are adapted to illuminate each of the bank notes BN passing the light 
sources 7a or 7b in transport direction T along a spaced apart track SI or S2. For 
detecting the luminescence radiation emitted by the illuminated tracks SI, S2, the sensor 
device 8 has two equidistantly disposed sensors 8a, 8b, the sensor 8a being able to 
capture the luminescence radiation of the track SI and sensor 8b the luminescence 
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radiation of the track S2. Preferably, spectrometers are used as sensors 8a, 8b, in order to 
be able to capture the intensity of the luminescence radiation in a spectrally resolved 
fashion. 

[0022] The illumination by the light sources 7a, 7b here, preferably, is effected 
continuously. But when the light sources 7a, 7b illuminate the bank notes BN over a 
large surface, when these are transported past, a pulsed illumination with a plurality of 
pulses per track SI, S2 is also possible. The spectrum of the light sources 7a, 7b of course 
is chosen such that the luminescent feature substances 15 to be checked are excited as to 
luminescently glow. 

[0023] In order to carry out the integration of the entire emitted luminescence 
radiation of the tracks SI or S2 along the length L of the bank note BN, the sensors 8a, 
8b are actuated by the evaluation unit 6 such that they add up, i.e. integrate all captured 
luminescence radiation within a predetermined time interval after the upstream light 
barrier 10 having detected the leading edge of the bank note BN. Consequently, the time 
interval is determined such that the luminescence radiation within the tracks SI or S2 is 
measured for the entire length L of the bank note BN. Instead of an integrated 
measuring also a plurality of discrete measured values corresponding to the 
luminescence radiation at different areas along the measuring track SI, S2 can be 
obtained, when transporting the bank note BN past the sensor 8 within the terms of 
the present invention, and these discrete measured values then are added up. 
Preferably, for this purpose 10 measured values, especially preferred at least 20 
measured values, are added up per measuring track. 

[0024] Instead of or in particular in addition to the leading edge also the trailing 
edge of the bank note BN can be detected, in order to set the time frame for the 
integrated measuring of the luminescence. This proceeding is of advantage in 
particular when the length of the bank note BN to be checked is not yet known. The 
detection of the trailing edge preferably is also effected with the help of the upstream 
light barrier 10. 

[0025] As already mentioned, the luminescence radiation is captured in an 
integrated fashion preferably with respect to both intensity and spectral distribution. 
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Preferably, the measuring is effected in the invisible spectral region, i.e. in the range 
of 750 to 2300 nanometers. In this spectral region the measuring is effected 
especially preferred in specific, optionally, spectrally spaced-apart subareas. 
Preferably the measuring is effected in a broadband fashion with a bandwidth of 
about 50 to 250 nanometers. Complementary, a time-resolved evaluation of the 
integrated luminescence measuring can also be carried out, in order to take into 
account the decay behavior when evaluating, such as e.g. the decay time of the 
luminescence radiation. 

[0026] The signals on the integrated luminescence radiation obtained in this way 
then are compared to predetermined reference values or reference areas, in order to 
determine whether indeed the expected luminescence radiation of a true bank note has 
been measured. By integrating along the tracks SI, S2 there can be obtained a signal, 
which permits a secure recognition even of feature substances 15 distributed over a large 
surface and only faintly glowing. 

[0027] By evaluating not only the intensity, but in combination therewith also the 
spectral distribution and/or the time history, i.e. in particular of the decay behavior of the 
integrated luminescence measuring, even a feature substance 15 applied onto or 
incorporated in the bank note paper in random distribution can be checked especially 
precisely. 

[0028] Preferably, when the sensors 8a, 8b sense different measuring tracks SI, S2, 
they will show a different spectral behavior, such as e.g. measure in different spectral 
regions. In particular with feature substances 15 distributed over a large surface in the 
paper, a cost-efficient sensor arrangement can be realized without it being necessary that 
each individual sensor 8a, 8b has to be sensitive in all spectral regions to be checked. 

[0029] If the expected luminescence radiation is different for different bank notes, i.e. 
e.g. the spectral distribution of the luminescence radiation as a coding is different for 
different nominal values and/ or series, i.e. different editions of a currency system, the 
evaluation of the luminescence radiation can also be used for distinguishing between the 
different codings that correspond to the different nominal values. 
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[0030] Alternatively, with a separate sensor, e.g. by optically capturing the printed 
image, a determination of the nominal value can be carried out, and the measured 
signals of the luminescence radiation then only have to be compared to the reference 
value or reference area corresponding to this nominal value. 

[00311 Analogously, for example it is also thinkable, that with the help of the state 
sensor 9 at first the state of the checked bank note BN is determined and this state then 
is taken into account when evaluating the luminescence radiation. This is of advantage 
at least when not only the spectral distribution of the luminescence radiation of the bank 
notes BN is checked, but also its absolute intensity, since e.g. soilings or cmmples 
decrease this intensity. 

[0032] As to obtain a sufficient measuring accuracy with feature substances 15 
usually distributed over a large surface, with the help of the integration of the 
luminescence radiation over the entire length L of the bank note BN in transport 
direction it may be even enough, when the total dimension (here: widths) bl + b2 of 
all illuminated tracks S 1 and S2 perpendicular to the transport direction amounts to 
less than the total dimension (width) B, in particular less than half of the dimension 
(width) B of the bank note BN. 

[0033] If the luminescence radiation, however, shall be captured in a spatially 
resolved manner perpendicular to the transport direction T and thus perpendicular to 
the integration direction, the total width bl + b2 of all illuminated tracks SI and S2 
preferably amounts to more than half of the total width B. 

[0034] Preferably, the measuring is effected in a wavelength range larger than 800 
nanometers, especially preferred larger than 1000 nanometers. This has the advantage 
that the usually commercially available sensors, such as e.g. Si-sensors, which are 
especially sensitive in the visible spectral region, cannot be used by forgers as to 
optimize the forged bank notes, i.e. to find out which forgeries are recognized as 
allegedly „true'' by the sensors. 

[0035] The above with reference to Figure 2 describes the case, in which the 
substances 1 5 to be checked are incorporated in the paper of the bank note BN to be 
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checked over a large surface and in random distribution during manufacturing. But it 
is also thinkable, e.g. corresponding to the teaching of the WO 01/4831 1 A2 of the 
applicant, that the bank note BN along its length L has a plurality of equidistant areas 
17a, 17b, 17c, 17d, in which either substances 15 are incorporated as luminescent 
feature substances or not. 

[0036] In the example shown in Figure 3 substances 15 are present, for example, only 
in the areas 17a, 17b and 17d and not in the area 17c. It shall be mentioned, that the 
borders of the individual areas 17a to 17d drawn in Figure 3 only serve for illustrating 
and do not have to be really present in the paper. 

[0037] Additionally or alternatively to the coding as already described above 
realized by selecting feature substances with different luminescence behavior, said 
incorporation of the feature substances 15 in defined areas of the bank note BN can 
also be used as a coding. Beside the authenticity also the nominal value of the bank 
note can be checked, when different nominal values of a currency have different 
codings. 

[0038] Therefore, the coding can be formed by both the geometric distribution, i.e. 
the presence or absence in defined spaced-apart areas and/or the different types of the 
luminescent feature substances. 

[0039] For checking the coding of such bank notes BN the checking apparatus 2 of 
Figure 3 has a sensor device with four sensors 8a, 8b, 8c, 8d disposed perpendicular to 
the transport direction T, which each measures in an integrated fashion the 
luminescence radiation emitted by the tracks SI, S2, S3 or S4 over the total width B of 
the bank note BN extending in transport direction T. In Figure 3, analogous to the 
embodiment according to Figure 2 and corresponding to the arrangement of the 
sensors 8a-8d associated light sources are provided, which for clarity's sake are not 
shown in the Figure. 

[0040] This embodiment of the checking apparatus 2 has the advantage, that by 
evaluating the signals of the individual sensors 8a to 8d even with luminescent feature 
substances 15 luminescing only very faintly in the individual areas 17a to 17d, not only 
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the presence or absence of the feature substances 15 can be determined, but also their 
spatial coding. 

[0041] With reference to Figure 4 now a further embodiment of a checking 
apparatus according to the invention is described. The measuring preferably is effected 
by a not shown sensor along at least one measuring track SI extending in transport 
direction T. 

[0042] The bank note BN to be checked has two differently luminescing feature 
substances 15a and 15 b, which are schematically illustrated as circles 15a or crosses 
15b in Figure 4. These feature substances 15a,b are incorporated in the paper over a 
large surface and in random distribution. In an area 18a, as a result of chance, there are 
present more feature substances 15a than feature substances 15b and in a different area 
18b vice versa are present more feature substances 15b than feature substances 15a. 

[0043] In the lower part of the Figure 4 in the boxes Ka and Kb each associated to the 
respective areas 18a and 18b is schematically illustrated the luminescence spectrum, i.e. 
the dependence of the radiation intensity on the frequency of the luminescence radiation 
in the respective area 18a or 18b. It tums out, that the different distribution of quantities 
of the individual feature substances 15a, 15b in the areas 18a, 18b of the measuring 
track SI, results in significantly differing pertinent measuring curves Ka, Kb. 

[0044] By said integrated measuring, wherein the measured values of the areas 1 8a 
and 18b and, optionally, further areas of the measuring track SI are added up, as a result 
from the sensor 8 one obtains a signal corresponding to the representation in the box Ks, 
wherein both intensity and spectral distribution are integrated. 

[0045] By integrating over the entire length L of the bank note BN extending in 
transport direction T thus an information about all the different feature substances 15 a, 
15b present in the area of the measuring track SI can be obtained, which is independent 
of any quantity fluctuations of the individual feature substances 15a, 15b in different 
areas 1 8,b of the measuring track S 1 . 



10 



[0046] Therewith, at least in the case the precise position of the feature substances 
15a, 15b in the track SI is not relevant for the coding, even different codings can be 
differentiated when different feature substances 15 are present in the tracks SI. 

[0047] It shall be emphasized, that beside the integrated measuring of the 
luminescence radiation according to the invention preferably a spatially not-integrated 
measuring can also be carried out and taken into account when evaluating. In the case of 
Figure 4 it is thinkable e.g. that not only the integrated spectrum Ks, but also the 
individual spectra Ka, Kb are determined and evaluated. With a geometric coding 
corresponding to Figure 3, wherein the spacing between the individual feature areas 
17a-17d is substantial, e.g. at first the integrated spectrum Ks can be analyzed and a 
statement can be given as to whether one of the possible codings is present at all, before 
by analyzing the individual spectra Ka, Kb a more precise evaluation is carried out as to 
determine which of the possible codings is actually present. 

[0048] Beside the above-described examples, of course, numerous variants are 
thinkable. 

[0049] It is also thinkable, that the individual measuring tracks SI to S4 are disposed 
not spaced apart from each other, but directly adjoining each other, or at least only 
partially overlapping each other, or are disposed over the surface in a pure random 
distribution. In this case a measuring to a far extent perpendicular to the transport 
direction T can be performed. In addition, determining the feature substances in the 
individual tracks SI to S4 depends less on the exact alignment of the bank notes BN 
with the sensors 8a-d during transportation. 

[0050] When the coding is formed e.g. by a strip extending perpendicular to the 
transport direction T in which the luminescent feature substances 15 are present only in 
certain spaced-apart subareas of the strip, and/or different feature substances 15 are 
present in different subareas, the sensor 8 will also measure in a spatially resolved 
fashion in a direction perpendicular to the transport direction T, in order to be able to 
check the spacing between the individual subareas. As to obtain the spatial resolution, 
preferably a multiplicity of individual sensors 8a-d are disposed perpendicular to the 
transport direction T, that each can be read out separately. 
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[0051] Figure 5 shows a further possible checking apparatus 2 in a schematic view 
similar to Figure 4. The shown bank note BN to be checked by way of exaniple has two 
hatched areas 18a, 18b, in each of which different feature substances 15a or 15b are 
present. The evaluation unit 6 is connected with three light sources 7a, 7b, 7c arranged 
in a row perpendicular to the transport direction T, which illuminate the bank note BN 
transported past along three tracks SI, S2 or S3. To each light source 7a-c is associated a 
sensor 8a, 8b or 8c, as to measure the radiation emitted by each of the illuminated tracks 

51, S2 or S3. Per each track SI - S3 there are about twenty measured values 22 along 
the length L of the bank note BN, which are represented in the Figure 5 by squares 22. It 
should be mentioned, that the number of light sources and sensors or measured values 
per track can vary. 

[0052] The faintly luminescing feature substances 15a, b should be present only in 
very low concentrations in the respective areas 18a, 18b. This leads to the fact, that 
when performing a single measuring according to prior art, the signal-to-noise ratio is 
too weak as to produce signals even in highly sophisticated sensors, which permit a 
definite evaluation. This is illxistrated by way of example in the lower half in the boxes 
Ka and Kb analogous to Figure 4, which each represent a spectrally resolved single 
measuring at two of any measuring points 22 in the areas 1 8a or 1 8b of the track SI . 
When a plurality of sensors 8a-c are mounted perpendicular to the transport direction T, 
such as e.g. the three sensors 8a-c in Figure 5, at the respective places along the length L 
per measuring point 22 three measured values are obtained, i.e. for each track SI -S3 one 
measuring value. 

[0053] By adding up the measured signals Ka, Kb etc along the measuring track SI or 

52, S3 according to the invention, a signal is obtained, as shown in the box Ks, in which 
the signal-to-noise ratio is improved such that an interpretation of the spectrum of the 
entire bank note BN produced in this way is permitted. It can be clearly recognized, that 
the feature substances 1 5a and 1 5b are present in the bank note BN. 

[0054] As already mentioned above, a spectrally resolved measuring can be effected 
such that as sensors 8a-c spectrometers are used and/or the individual sensors 8a to 8c 
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each have different spectral properties, such as e.g. being sensitive at different 
wavelengths or in different wavelength ranges. 

[0055] If in such a case, additional to the integration of the individual measuring 
points Ka, Kb along the transport direction T to form a total spectrum Ks, the bank note 
BN is measured with different spectral channels per measuring point 22, such as e.g. 
with the individual sensors 8a to 8c having different spectral properties, then it is, 
moreover, also of advantage, when per measuring point 22 a plurality of these channels 
are integrated. It is true that in this way one loses the spectral information at the 
measuring point 22, but one gains signal-to-noise ratio. This permits a statement on the 
spatial distribution of the feature substances 15a, 15b, which otherwise could disappear 
in the noise. 

[0056] This is illustrated in the box Kt in the upper half of the Figure 5, which 
represents the integrated signals of all sensors SI -S3 of the respective measuring points 
22 spatially resolved over the length L. It is true that by this spectral integration one 
cannot distinguish, which of the feature substances 15a, 15b is actually present in the 
individual areas 18a, 18b. But in contrast to a not spectrally integrated measuring, one 
can already make a statement about the fact that luminescent feature substances 15a, 
15b, optionally still to be determined in more detail, are present only in the areas 18a, 
18b. 

[0057] If in such a case one measures with a plurality of channels, i.e. here e.g. with a 
plurality of different sensors 8a-c perpendicular to the transport direction T, by 
integrating one obtains for each single measuring 22 via the sensors 8a-c, corresponding 
to the representation in the box Kt, the information on the distribution of the feature 
substance or feature substances 15a, 15b along the transport direction T and by 
integrating the single measuring per measuring channel the information on the 
distribution of the feature substance or the feature substances 15a, 15b perpendicular to 
the transport direction T. In both cases the signal-to-noise ratio is better than with the 
single measurings, for this reason it is also possible to evaluate signals that with single 
measurings lie in the noise. 
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[0058] The above is an example for the fact, that according to the present invention 
especially preferred there can be measured both in a spatially integrated and in a 
spectrally integrated manner. It should be mentioned, that it is not absolutely necessary 
that all measured values of the individual measuring points or spectral channels have 
to be added up. Preferably, however, at least a majority of all measured values is added 
up. It even can be of advantage for improving the signal-to-noise ratio, when only the 
measured values in the areas 18a, 18b are added up, in which according to a spectrally 
integrated evaluation, e.g. according to box Kt, the feature substances 15a, 15b should 
be present. 

[00591 As described above, the individual sensors 8a to 8c according to the present 
invention can show a different spectral behavior. According to a further idea of the 
present invention, this can also apply to the individual light sources 7a to 7c. 

[0060] This makes sense in particular when the individual sensors 8a- 8c e.g. are 
adapted such that each of them recognizes a different feature substance. In this case the 
spectral behavior of the individual light sources 7a-c will be adapted such that they each 
excite the respective feature substance 15a, 15b to be detected in an appropriate 
fashion. In other words, there can be e.g. a sensor 8a for detecting a feature substance 
15a and a different sensor 8b for detecting a different feature substance 15b. 

[0061] The invention thus permits, in particular with the variant of integrating the 
measured values of luminescence only in transport direction T and not perpendicular 
thereto, an especially easy detection and differentiation even of differently luminescing 
and faintly glowing feature substances and thus the determination of authenticity and 
nominal value of bank notes BN. 



